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Projections of Full-Fuel-Cycle Energy

Table 12 Energy multipliers for 2010, 2020 and 2030 and Emissions Metrics

B | Coal | Petroleum | Natural gas N
2010 | 1.025 1.134 1.107 Katie Coughlin
2020 | 1.026 1.145 1.103
2030 | 1.026 1.161 1.099

Energy Analysis and Environmental Impacts Department
Environmental Energy Technologies Division
Lawrence Berkeley National Laboratory

The next slide does not include the Berkeley, CA 94720

electricity factors above

RM note: Figures in the chart on the
next page are actually a bit better now
than they were with more coal source
electric from just a few years ago.

This work was supported by the Director, Office of Science, Office
of Basic Energy Sciences, of the U.S. Department of Energy under
Contract No. DE-AC02-05CH11231.




Electricity: Generation'and
Distribution

Nuclear Power Plant note: EIA document of power plant efficiency “One measure of the efficiency of power
plants that convert a fuel into heat and into electricity is the heat rate, which is the amount of energy used by an

electrical generator or power plant to generate one kilowatt-hour (kWh) of electricity.”

EPA Individual Waste Reduction Model (iWARM)
Annual Energy Review 2011 DOE/EIA-0384(2011) | September 2012

Coal plants:
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Cold Climate
COP approx: 2

Heating COP

Cold climate Heatingieapacity
Limited

Cyclic testing wWithithedehost
cycle can have a signiincant
i m p a C t Outdoor Temperature (°F)

® Maximum Compressor, High Fan

® MitsubishiReported Data (Intermediate Compressor, Medium Fan)

Table 3. Defrost Test Results

Total Cycle | Defrost Integrated
Test Code Time Time Integrated Heating

(min) (min) | CYCleCOP | “cop
H-DF-35-M-MX 17 10.3 3.26 338
H-DF-17-M-MX 142 14.9 2.90 3.06
H-DF-35-M-MX 90 33 176 178
H-SS-27-H-MX 79 2.0 172 174
H-SS-17-H-MX 91 38 2.24 228
FE12NA | H-SS-17-M-MX 90 33 0.88 0.89
H-SS-7-H-MX 31 22 1.08 113
H-SS-7-L-MX 23 25 153 1.60
H-SS-n3-H-MX 47 102 135 152
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Fuel Price| Fuel Heat | Fuel Price Type of | Effiency | Approx. |Per Million
Per Unit |Content Per| Per Million Efficiency [Rating or|Efficiency Btu
Fuel Type Fuel Unit (dollars) Unit (Btu) | Btu (dollars) |Heating Appliance Type | Rating * |Estimate® (%) (dollars)
Fuel Oil (#2) |Gallon 3.60 138,690 $25.96| Furnace or Boiler AFUE 85.0 85% $30.54
Electricity KiloWatt-hour | 0.158| 3,412] $46.31| Furnace or Boiler Estimate 98.0 98% $47.25|
Air-Source Heat Pump ° HSPF © 6.1 179% $25.90
Geothermal Heat Pump COP 2.7 270% $17.15
Baseboard/Room Heater |Estimate 100.0 100% $46.31
Natural Gas ' [Therm 2 | $1.52[ 100,000} $15.20| Furnace or Boiler AFUE 85.0 85% $17.88
Room Heater (Vented) AFUE 65.0 65% $23.38
Room Heater (Unvented) Estimate 100.0 100% $15.20
Propane [Gallon | $2.55| 91,333] $27.92| Furnace or Boiler AFUE 85.0 85% $32.85
Room Heater (Vented) AFUE 65.0 65% $42.95
Wood * |Cord | $200.00] 22,000,000] $9.09|Non-Catalytic, Room Heater |EPA 63.0 63% $14.43
Catalytic, Room Heater EPA 72.0 72% $12.63
Pellets [Ton | $250.00] 16,500,000] $15.15|Room Heater (Vented) [EPA 78.0 78% $19.43
|Corn (kernels) 3 [Ton | $200.00[ 14,000,000} $14.29|Room Heater (Vented)  [EPA 78.0 78% $18.32
|Kerosene [Gallon | $4.41| 135,000| $32.65|Room Heater (Vented) [Estimate 80.0 80% $40.81
[Coal (Anthracite) | Ton | $200.00[ 25,000,000] $8.00] Furnace/Boiler/Stove |Estimate 75.0 75% $10.67

www.eia.doe.gov/neic/experts/heatcalc.xls




Heat and Hot ' Water System
Distribution' Efficiency
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Robert Hendron
National Renewable Energy Laboratory

‘:“*‘l U.S. Department of Energy S .
€ {20 J ey Effolency and Renoeat e Enargy Building Technologies Program
\‘{’:j,ﬁ Bringing you a prosperous future where energy is clean, abundant, reliable, and affordable

Building America Performance Analysis Procedures for Existing Homes, May 2006 ® NREL/TP-550-38238 and NREL report 30506.

Integrating ducts into the conditioned space: Successes and challenges; Jeffrey Siegel, lain Walker, LBNL-55675 (2004).




Ground source heat pumps are way off of rating... worse than boilers possibly

“Based on the discrepancy betweenitherated andimeasurediefficiences, the overalliefficiencies of these
GSHP systems are not significantlyhigherthanalternativelspaceiconditioning methods, especially compared
to the new inverter driven compressordirssounce ieatpumpsiavailablenithermarket?

@ne case indicates 477
lower performance
than rated COP.

s means it will
consume almost twice

dSmuchenergy.

1 Issues:
Il NI -an power used in the
b S EETRpeet calculation of a unit’s
COP/EER does not
: include flow resistance
40°F 50°F 60°F 70°F 80°F from ducts, nor does
Incoming Ground Loop Temperature pump power inCIUde

Table 7. Rated Versus Measured System Efficiencies the resistance of the
ISO/ARI Rated Heat Measured Steady State Performance
Pump Efficiency Efficiem:yy Difference gro un d l 00 p .
(COP/EER) (COP/EER) (COP%/EER%)
Low Stage | High Stage | Low Stage | High Stage | Low Stage | High Stage
Black River Falls 4.5/237 4.0/18.5 3.1/181 3.1/159 31%/23% 23%/14%
Stoughton 5.1/30.0 4.2/20.1 2.7/16.7 2.7/ 47%/44% 36%/ma
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B Measured COP - High Speed

A Measured COP - Low Speed

http://www.nrel.gov/docs/fy120sti/54240.pdf



Full Fuel Cycle - Cost to Operate & Source Fuel

. Power Plant Transmission Energy Delivered to
Oillgas well or coal Generates Electricity And Distribution Building or Home
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